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Humanity’s Greatest Challenges 
• Food security for 9-10 billion by mid-century 
– Accessible, affordable, adequate nutrition 
– To survive or flourish? 
• Sustainable food systems 
– Meet demand 
– Improve environmental quality and conserve natural 
resources 
– Contribute to economic development and vibrant 
societies 
• Zero population growth, then orderly decline  
 
 
Are We On Course? 
 
Achieving stable human population by mid-
century is essential for: 
• Eliminating poverty and hunger 
• Conserving natural resources and biodiversity 
• Maintaining or improving environmental 
quality 
• Mitigating and adapting to climate change 
• Political stability 
 
Zero growth 
VIRTUOUS DEVELOPMENT CYCLE 
Per capita income of ~$3k - $4k/yr required for zero population growth: 
In 2010, 3.9 billion lived on $4/d or less, which is $1460/yr 
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SPIRAL OF DEGRADATION 
Per capita income of ~$3k - $4k/yr required for zero population growth: 
In 2010, 3.9 billion live on $4/d or less, which is $1460/yr 
FOOD SECURITY 
adequate supply 
accessible 
affordable 
ECONOMIC GROWTH 
RATE 
P
ER
 C
A
P
ITA
 
IN
C
O
M
E 
POPULATION GROWTH 
RATE 
EN
V
IR
O
N
M
EN
TA
L 
Q
U
A
LI
TY
 
falling 
rising 
falling 
falling 
VIRTUOUS DEVELOPMENT CYCLE 
Per capita income of ~$3k - $4k/yr required for zero population growth: 
In 2010, 3.9 billion lived on $4/d or less, which is $1460/yr 
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Abrupt Change in Long-Term Trends Since 2001 
• Slowing rates of crop yield increase 
• Rapid expansion of crop production 
area 
• Increasing real food prices 
• Accelerating emissions of CO2 
• Increasing global supplies of natural gas 
 
 
Global average yield increase is slowing: Tyranny of linear rates 
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Stagnating yields of the major cereal crops rice, 
wheat, and maize in a number of countries and 
regions that are world’s largest producers 
Cassman, 1999. PNAS, 96: 5952-5959  
Grassini et al., 2011. FCR 120:142-152  
Cassman et al., 2003, ARER 28: 315-358  
Global analysis of cereal yield trajectories 
 
Grassini, Eskridge, Cassman: Nature Comm 2013 
31% 
 
Rapid expansion of crop production area 
(fastest rate in all of human history since 2002) 
 
From: Grassini P, Eskridge KM, 
and Cassman KG. 2013. 
Distinguishing between yield 
advances and yield plateaus in 
historical crop yield trends. 
Nature Communications Volume 
4, Article No. 2918.   
DOI:doi:10.1038/ncomms3918 
Agricultural Time Bomb!! 
Cutting virgin rain forest in Brazil 
Photo:  K.G. Cassman 
Unsustainable crop production on marginal land by farm 
families without other options 
Photo:  K.G. Cassman 
Urban-industrial expansion onto prime farmland at the periphery of 
Kunming (+6 million), the capital of Yunnan Province, China,  
Photo:  K.G. Cassman 
 
Accelerating CO2 emissions to the atmosphere 
 
 Increasing global supplies of natural gas 
 
Hydraulic facturing 
Disruptive Change in Long-Term Trends since 2001 
• Slowing of growth rates in crop yields 
– Rates must accelerate to meet demand on existing farm land 
• Rapid expansion of crop production area 
– Stop this trend through accelerate yield gains and policies 
• Increasing real food prices 
– Kept in check by accelerating yield gains and appropriate policies 
• Accelerating CO2 emissions 
–  Reduce ag area expansion; need for low-carbon energy sources 
• Increasing supplies of natural gas 
– Promise of reduced costs for fertilizers and irrigation; reduced CO2 
emissions compared to other fossil-fuel energy sources 
THESE ARE LIKELY TO BE MEGA-TRENDS, NOT BLIPS! 
 
Are We On Course? 
 No, but we can get back on track! 
Urgent Need to Fill Critical Knowledge Gaps 
• What is production potential on every hectare of existing 
farmland? Size of exploitable yield gaps? 
• Rate of climate change and expected impact on food 
production; potential for mitigation and adaptation? 
• Reduction in food demand that can be expected from 
behavioral changes in diets and reduction in food waste? 
• Pathways from agricultural research to improved nutrition? 
• How to more effectively prioritize investments in agricultural 
research and development? 
• How to capture benefits of globalized trade and free markets for 
low income, agrarian, developing countries? 
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How much can post harvest losses and food waste 
(FLFW) be reduced? 
• With regard to magnitude of impact on global food 
security, I’m a FLFW reduction skeptic, but positive on 
importance for positive impact in developed countries 
– Fundamental difference between FLFW in developed 
versus developing countries 
• FLFW can’t be reduced to zero; many estimates based on 
fresh weight and not calories or protein overestimate 
potential impact of reductions on food security 
• Inflated estimates of potential FLFW reduction skews 
research and development priorities for food security 
 
Post-harvest loss in sub-Saharan Africa—what do farmers say? 
Jonathan Kaminskia and Luc Christiaensen 
Abstract 
The 2007–2008 global food crisis has renewed interest in post-harvest loss 
(PHL), but estimates remain scarce, especially in Sub-Saharan Africa. This 
paper uses self-reported PHL measures from nationally representative 
household surveys in Malawi, Uganda, and Tanzania. Overall, on-farm PHL 
adds up to 1.4–5.9 percent of the national maize harvest, substantially 
lower than the FAO (2011) post-harvest handling and storage loss estimate 
for cereals of 8 percent. It is also concentrated among few, less than a fifth 
of households. PHL increases with humidity and temperature, and declines 
with better market access, post primary education, higher seasonal price 
differences and possibly also with improved storage practices. Wider use of 
nationally representative surveys in studying PHL is called for. 
Recent article in Global Food Security 
Vol 3 (Nov. 2014): 149-158 
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Powerful tools to help 
• Exciting progress in basic and applied sciences that support 
innovation in agriculture 
• Rapidly evolving communication and information 
technologies, simulation models, decision-support tools 
– Generating and distributing information to farmers, scientists, policy-
makers, public 
• Big, open, publicly available data to: 
– Help farmers make better management decisions 
– Develop robust metrics to quantify environmental performance 
– More effectively prioritize R & D and technology transfer 
– Adapt to and mitigate climate change 
– Inform policies to help countries develop appropriate food security 
and land-use strategies 
 
 
 
Big,  Open (Publicly Available) Data 
• Adequate spatial density 
• Adequate quality 
• Current (real-time) and historical data 
• Examples 
– Harvested crop area and yields, major cropping 
systems, livestock species and numbers, soil 
properties, climate, water resources, weather data 
(keen focus on agronomic relevance) 
– Human nutritional status 
– Gender roles and technology transfer 
Big Data:  Top-Down versus Bottom-Up 
Down-scaling, “top-down” 
Up-scaling, “bottom-down” 
Bottom-up example: Global Yield Gap Atlas (GYGA) 
www.yieldgap.org 
Conceptual framework: yield potential and yield gaps 
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Yield Potential 
irrigated or rainfed 
Actual farm yields 
Yield gap 
Determined by:  
Radiation 
Temperature 
Atmosph. [CO2] 
Water supply 
Genotype 
Planting date 
Plant density 
Limited by:  
Nutrients 
Insects, weeds 
Diseases 
etc…… 
• NOAA global weather stations (www.ncdc.noaa.gov  and 
NASA-POWER (www.power.larc.nasa.gov) 
• Geospatial crop distribution: MIRCA (Portman et al., 
2010) and SPAM (You et al., 2009) 
• ISRIC (www.isric.org), USDA-NRCC (www.soils.usda.gov), 
and AfSIS (www.africasoils.net) soil databases 
• FAOSTAT yield data (www.faostat.fao.org) and, from 
some countries, sub-national yield data where available 
• Crop simulation models (HYBRIDMAIZE, DSSAT, APSIM, 
WOFOST, etc) 
  
GYGA Leverages Open Data and Publicly Available 
Crop Simulaton Models 
Up-scaling for local to global relevance 
Climate zones 
Crop-specific harvested areas 
Weather station buffer zones 
Soil types and cropping systems 
Crop model simulations 
Actual yields 
Yield gaps 
Power of up-scaling through agronomically-relevant weather 
data, climate zones, and soil types 
• Delineating inference 
domains for new 
technologies 
• Locating research sites in 
areas with greatest 
potential impact 
• Identifying regions for 
investment in up-scaling 
technology adoption 
• Assessing impact, both ex-
ante and ex-poste 
• Prioritizing research 
• Targeting policies 
Five largest climate zones in SSA with regard to 
production of rainfed maize, each >1 Mha 
Global Yield Gap Atlas screenshot: www.yieldgap.org  
Rainfed maize yield gaps: weather station level 
Yield gap (t/ha) 
Global Yield Gap Atlas screenshot: www.yieldgap.org  
Rainfed maize yield gaps:  climate zone average 
Yield gap (t/ha) 
Global Yield Gap Atlas screenshot: www.yieldgap.org  
Rainfed maize yield gaps: national average 
Yield gap (t/ha) 
How about a post-harvest loss food waste ATLAS? 
Do we have the data?  What would it take to get it? 
Seminal Role of Big, Open Data to: 
• Help farmers make better management and marketing decisions 
• Develop robust metrics to quantify environmental performance 
(e.g. impact on water quality, biodiversity, greenhouse gas 
emissions, soil quality, farm worker health, etc) 
• More effectively prioritize R & D and technology transfer 
• Adapt/mitigate climate change, and other environmental issues 
• Inform policies to help countries develop appropriate food 
security and land-use strategies 
The bottom line:  
 critical need to increase emphasis on investments to acquire 
the required data (of adequate quality!) 
 Good news!  the cost of acquiring the required data, with 
adequate spatial coverage is modest and steadily decreasing 
due to advances in knowledge and technologies to acquire it 
 
 
Farming and Food Systems 2030 VISION 
• All farmers have access to improved seed, nutrient inputs, 
pest management options, markets, knowledge, and data 
required to optimize production of the crops they wish to 
grow and use practices that conserve natural resources and 
protect the environment 
• All players in the food system (producers, purchasers, 
consumers) have access to reliable data on environmental 
impact, nutritional content, and health benefits of all 
commodities and food products 
• Effective policies are in place to achieve sustainable local-to-
global food security that allows humanity to flourish 
• Minimal post-harvest food losses and food waste 
 

